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wiEI hm mmtsMmm mdy W Wm 
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Stese# INSSei^ BSS-  ^
• ' ' ' '^} 
B «p@ ratio® te#tw##a 
z &*w li«t a® w&lw&m mJmms. ©:f /f' »^b«  ^
into %fe® Sitti;,.. ti» ©f 
t« ©f ttoH& &t tim •vi%w.M.«.*. t^i© 
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is^ol-ir©- all fefa® elastic 
&s,% •»iii#iws rf' fe® ;tet^ tt.. 
mm%. t® 
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mt #a@' •^ « '^Mm terns, -©f 
mmmamp' %m t# -itiiia qmot®€ 
toy #t©.* 
Ifp« ©f 1© Idst© 0 i^»i»® 
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a»l ea^ l^ng ©wt ^mwm» | 
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K«r# 4# .Rr©B@®te@2r*# ,^: iiaidlag tl» it. ta ©iiial 
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©ftsa. ttet» »«t mm^&t -m###.. feat it ^ wmm m# 
%n£mm&^0m mm t# ttas' ©.f irtfeimtlm* 
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B«s»i m^m mf 'riteatt.^  wttl.. .tm 
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##m0ld#m^3.y« Wm- elasfei© ©fetsta ,^ 
m a»e #©sistamts &i mm-% imtms %# 
»Mmg mmm ©f -ftoii®- tav#«tS» 
gati-ea wAmrn wmm- ©f m tfe# ^©©m-
©f 
•Sta©« tfc %m 
t© to jpl^ t#s #f %!*#• tto® 
&l^ .|.i#*tioii «» altes«t4s.g #l.®#.tri# fS#!# iia€ "fc# 
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»te» it p©s«$.bl.« t© 
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©f «i#i- 0f^  toy a® al« 
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m9M^ .^:m:. %tif' <|pB3?SE-tey %&# '«#% mp Mse 
mm %«»» tim 
felt# m''*m m3?« %lm-
#«m# #f %hm ©f 0jK» i% #aia Iwt .s#«m %!»% t^jK" 
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mm i#« jaat-aml  ^%M# ©t-^ -r- bsadif tf %fee 
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&p|i-®fei?lag la. -fli® a«a» 
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capital m^mmmmm wmA ttst *^11 
stmiM-f 'tm  ^ last«@#, t&e- am ©2J 
ff lBt f  • •^»,  - •e^ tanta to# a# a  «p»#t ip t0 
sa* t^xt' ^2/" ^12 0 mm tl«% jr©r a. matwiai a# 
•feto® MtirlJg tste#» fefe# f«» 
^11 ^JE ^3 ^14-  ^15 ^ '6  




WSm^m &m 2i -©lastie m-mMtm&%m la s &Q«0g#a@ei^  
mteriai -#r mm 
4^1^ Ab tfMft -Js 'igM • II T in %fir iWi j^. liato-itoifc-^#- ^*[1 iBfe' .^SE :daH. 4j3^7 tSM <iii' ..A ^i ^ .1|L*-& iraflw#H®fS,l^ i •e^^SSSJ, ©x ISfEgl^ Mtl. Bl©i©«" 
axial ela««.,. %• fii® Xj. „# m S,,, «!» Is a. mmtm et 
fte## •«»« mt :ttsgl.@s t©  ^
i^ y .««a» «f «kt©ii em te# taleiii a« m^m m^m tw#-
f#M mMMmm,  
haa- milw f&# *%nx 
t^ ## «s .gl.^ a ##»®sp®aa4ag to tfe® 
mm-^ s'ix tm» m mt%m^ml &£ m# mymm^ww* t« f  
^11 ^12 ^13  ^ i4  ^  ^  
^1 I  ^ I3" '^ l4  ^  ^  




s^& @.iA»%t'«: ©matMEte ®# tfe#' %m ®r®»wim#€ 
la tmfel# 11 foj» «m«f la t^ mmgiM  ^ ©iw .iiyst« t® 
©% r^« &» fcte#.8«: ia ««taaigl# 
«»«- m%mi% t@ ««®b »t ©-© t^aata t# blaj^  
S'pl€s## ixt 'itelli'],# '^ ' 
M jasiss asses' few the aatMaailnatlM, ot the 
»#.teyi. wew  ^ mt -©ml^ Alag ©#• 
paa%«# mm% wi^  t« teb® ,iafeai*sl, 
of Ida# m^t'-ymt&X mm Wm f%m'^ 
• 'iw© ausgt#* ni:a#A  ^ t© m 
p:ia.t«» Hs» «agl#  ^ tl# asl*afcli, $m %ikm m,gM- to.#» 
a«^»l  ^ ©f Si© plat® 'Wa *, m^m .^ 
mm in »»•»€ • 
£# bbi^ KS. aad fe*t# 
t&@ thm 0®,0® •» 
^ f^cal, t# €«t®mteast # wmtrn'^ mmm t@ tafeX# 
it i« :S#« Cmz," '^13/ * '^3'/ ~ /^E// = O  ^
^Mrnmtor®, tmw -tto #^^0® plat# t» 
CL,„, - ff2 O O 
o C' iZ2/"* 'T^ C^iZJl  = o. 
Bi^ m- 44a.flf- lasfe tp@ 'Cif" •©m-stants- ta 
t«ais«i» a©%a.tl«. mm. st^ to wMe  ^ t&# 
is .ifc«s.©elat@ai# to 'tabl® 1 sto^# Hiat Wm 
•20 
Table II 
The stresses produced in Quartx as a 
funct ion of  the s- t fa l ins 
X'x 011 J/,T O22 2.2 Q|3 0a3& 
X, c„ 
Cm 2  ^
^13 
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& ^120,^ /2Ji C-z in .C-Ef j i  
^t2(2f'ti2l 
C-2(12/^2121 
6,1 , a t& *, wtei..i# 
t^m ^1 mm pp^ae® a p©aiyei,s»ttm t» <lt* 
H®n©#:|s ti»' me%#i» ta tM 
s^dst# a ms&m &t tef  ^ m& 
f'i#M tii -tl* «| €tswfet«a  ^
©r ^1® fa©t©r te# :» *^#i*#3Li#sfe«€ a^#s 
.»fe®«p.'rtb»fei.©i».f ssA «3iclte€ fey a ft«M t» 
Wm fela 
[C-n i r  f r^J  ~^ I3E|^ |E3/1 ~  ^  
It irsaia to® t&at -of, 
€ # f © #  « m M «  j f a e t ^  t o  t l a e  
m®## ai,gWI-.%® excited mm^m^m 'm%m^%  ^ ttoa 
©ttewpfc te ®a Ja tte» laat e&s#* g4«#©» l^#©^4e 
^Zt l  *-  im wl»# ^Ej /  %• Of  bto® ^©•  
©f" • tot© ©i»t4«. m$,&  ^
@»p@-efe#€ t# .ilv#- a mtl.# ©f tto®. A*«- ttet «Jto® ^2/ »la— 
•ttir«:3,f • »»«• /^,».. ir@mM , m. 
la Wm i^ m^m %m to#-- -iijp#m liy «»-
#l#ctric .field# It is sis# pesstW# tliat i^m- stmS»® m&y "imwrn  ^
mli»s tli# 
## -a irtlw wstiM hm mm^^&S. wmT  ^w^aklf 
i# 'at aI3l* 
aoMiS.^  'tmw fetot- plat#- tm tJte 
¥-©m^# ®.a» to# ©fet.al»®€ ftr«® S  ^
tag tto .!»« ©f £$,wm% ®»d »mb«-ii:r£.pt® of ©»s 
m*m, Bijxmm vm .&t tfa.# pitot# 0©a3A Mmm.hmm fesfc#®,, 
mm i» fetee, . Wm- ©f^  
5 
suiting .is ; .C\; 
[ci,«-ii-^ ;r(c.«z«r''';(c-2jj2-fr^  ^- <^2^22 
»#se»., Wm s«ml^  &t tii@ mlso emtaiB#-
t»© ©f •'ri^ TOttom. #sa fe® %y a i-s feto .x, #i-
|S» t» |  
fli© S03.m l^m til# plftt# {«• %# 
tatwe  ^ lay Wm fiar-st fcw  ^
^m^wmSj^ rn- im 
[C'Jli3~*'^][^3tl3~^^][^3JJJ~**^J ~ 
-feii. tm? tiii« plat# hm±w^ s©^3^t®a,y 
mm- ,fl»t wp»sMi%a a j^pii. wtoinfc Is fey a» 
rjl#M ia .S»-
mM-m- m pwmm SM, mM,m mmmmp. "by 
a .fl»J,A Is .feibt- Mf smi^ mmmBrnm & , 
pw«iy .»©§# @f 'Pftemfctm wiA#ii. «»»# li#. 
toy pl®so« l^«©tei© siit^ « tie## is m© 0®  ^
t© «%«!»# Mmtmwmm&m %m ta'tei© 12 
mMmm tl*%. ^jiij'^jzzj» mm #fe# »«tsrsl tlis 
few@ ms^ m -vthwrnttim,. -^ m ptii# -^#E#etrte 
©©»%!»%# .^£/j -wiafctwly »# ast-
^mmm- ^m- m^mm %© &•«• #x©it#€ s%3^«tgly* 
i(^.rirn[C-^-"'XtH - <^4 ^ ,. 
tmt %l» jpliat-s, 
[ -c,,^ (/f^- K^j=o 
•s^  f®» plat##. 
«F. # 
« '-«- «' « '••' -» 
toatis® @f IS.^ . 1®#. l"? stew# Wmt iwt-im. 
'Wm  ^ «ie#pfe4« tWJ^  JC»0|S!» ia «<p«,M©m !.'?» •wfeS.^ <i^ . 3Pspr«-»* 
s#ats & »#• ©f -rtfetrnticm %]tet- mmmsM 'hm «K©it«4) mly f^ sr ©f 
tag® «i3i #»#! 
la tb© »# 
faefcor. of «q«.tlorj« JS wa 16, «» o^utBmMn C.„ ^ <kii^u^ 
mm ©btals^  lai*«4l»i:t-#l3r* 
4m%@ Jf&etor® 0t ^#0# #%mti€aas*, 
'tar# l^ ^*m «Jt 'te# £«*' tm tUmmm t*© M»t 
te'. tG msSm  ^ t% pommtykm %&. a<&v# iSuis# 
/^f ®is€ » 
g prisM^a. e:e®siferafcjfe».||. C13 ana Cjj 
»lii%£«a»totp wl^ . fe&e- s • Ito 
to »i»ia,.©«aliijpi la'twiiPia® &t W^mmm 
plat# mm% 
fl plaW» m wsfc la p3 
asls* 
&m mmZmMmn Cor tM# 4s mM m^s m&3M$.ma. 
la f^MBft t® ©mMmSm- fete €«sl3?©€ C/5 Cljj 
0.ommtmm%s- Sf# tri«g^wm©€ t@ l^ is »«f  ^
0f 10, tfa® .©misatatjag 
'tmmm tm %mem  ^ mt tl»  ^ »lastt© ©cms t^sats  ^
^1.2 
Y C-j#</ +2 C^/5 •#-Cjjj)'-/r z^Ct i f ,  
^— C-/^  I f^ n^CfZ .  ^  \ . 2 _>£«/> 
2/2" *^ /y 2/E" 
if "zTr -t (c,, -2 C,, + Cjrj; -V 
sO 
Ig, ftM» 1® 
"2 (fi-iii ^tUf' + ^ /j) 
-2(Cvy+C,3) aT^'f a (c»<> + ^ Jtj) - fr^ 
n 
^mmm -'tir# ; «smrs#,^  #3»e%lf asdl 
i»# ffe# tiMttsft© #^y®r 
&€ %&)»,.©r gtws as tto& 
f©i? 0®,48®- plat# 
+ [e ^'V ~ ('*^"2 '*'^t'i) + 2" ^Vt '^^J C./J 
+  [ « •  — ( f i / .  +  ^  C - i f /  ( C - n  ^ < ^ * v }  ~  2 "  
. ^  (^ e ^  2 Cn  ^e„; t J C.jy 
-t- ^[^¥f  "^1 + ~ '^V  ^~ ]  
+ tf ~ V *^ "2 '^ " ~ (^ '' •'• *^ "2 '^^ ••• ^ *is)] 
+ X[c,.+ C:ii^ +30^^^" - = 0 ....... 18. 
#tl»ati.:€® ts aad t&» a^««, 
mtm wmj Mmmmmmm ©f; tfe®- alj^ t tM# m, -©^rystsl-
l^ raplii.® ms.m $M al«« fcM® tmw m ^^ --40® 
fte# tmwm'k'wmii ia fcMs ©tmMcm air®, sm  ^ that t)^ .. .1 .^ 
swlttmg, :l»® ©impoa^t® i» te@m t.l®^JE, ma^ 
..^ «#tlim»-# #©• it W0ttM b® tte© .a^«s '®f 
#®ttM If*- -fieM tesviag » :lto. tm 
%oth ©r t&® x  ^ sfiit Xg* 
. , Wt t'mx'- mi&mtta C i^r, i^z C.,^   ^
2 
te^m,^ ... sai If s% I#a.»ii  ^ «&r## K •# e®a  ^f®w&t, 
18 #« If#. tm 
e^st!eBSs;|i: ^13 
13315l£«Bd tewapt Xy axls^ sas€. aa 
Tflitsii ®i« fe# ate-lsmlii^ A t» •%!»• ®:®*©a-3»l@€ 
a-^ ismfe pimt®. 1  ^m »a*t». c«: s®©;^ oia#as«,, « m 
i.» ft pimt® wmmm tmmm mm i»rall©l t# a 
•^ , E I'm## of mmtmml, imsftm 
#iys*al# 
ASS toning « ag^»tb: of" S@ ,^. i«, 
iw©mt« •«itM F^apect %©- %:&# ^aidl»# .ia®-^#- •A-<-s««»Sai»' 
tls f®att 
w^mm I2 Jj ##ato:»s ©r a^a.@« t&« 
.B«*l t# tii« plate *2 i®ft saw,.. 
f£^ -- . HK .. ...^ . -I -I'll .tiJ^ -.^ik .^C^ -J «t£k jfr- 1^1 Jfc'., --M iMiW' II J|^ J^A 'T-ii- ii> • • F®*' M pjmwm  ^ ®r W&B feMi©iS 
the fcam [ 4^7^^ 
[~£S^22 (^tj "t 00/^ C-fj^ "^ • C-fy 
+  ( . i ? iZ2  C .„+ . /4 iJS  C j , f . y7 j ' j l  C ,y  - . 3S2 iO  l r ' )C j j  
+ C^I740C^^^ tC^)(i/7fC>C„ i-.3»ZiOC^^- f72m,f>V 
- t¥S6ojC^ -^. ^ f7'ft>C'i)^ ] = O 19. 
•27-
is f'l^ t. £m&%0w 
@-f irlbratlos . er a eai^ ls&tl©». of 
#&«:&» st»S»» 0i3 «ai -©ij «: »o^  
eiOi %® fey s #«p«iiiS SJS ISI2 
jr«©t«r 4« i^a## %mm 
©f  ^$MwmZ'wlLmB ^2?, Ojj , Bzi # ssyi ^3Z» 
^Imm ©C %#t.®g. ®»lt©€ ^  a fi«M la tim *,. 
1^1® I). 
It is 
msm- lm hm meaiMMt%#3.y 
m^ It ts ia|p®»a%l^# tli« .mmpi 
to 1»© mmmA hm fr#@ ©# 
i?f scBffli way hm 
ite® tm&mm: -mT P3A%@ W3py 
 ^Wig«3» « 
©:r t^ mmm' 
flatus ©f mirioas nrlsatst: 
*#ll-a#w3.©p#d#qwm%m 
steeail te®' <ai©st^ amt®it 
Gwya t^ett 1 wmm 'f 
'ims  ^ ia tU0 €i:r©eM©a. mt tto© 
10 la €ttameter 
I aM S wi©3p® m-
#!®ir#a0:p«€# i*#fl@©Mmg 
l»lisatlmg» S» p 
mSsg wa.» msii# wl%,b. fe# ©i^ sfes-la 
#« 
1. wm& 
iS emrn ia 
®» tim 
©s^sfeitl 2 wmm ap-^  
»:ls ©f 
OJC t43B®' ©i^ yst-aa.# f<«p twSja-
iM&st et  ^
W^3mw%&@  ^ ligWfc m&m €ii»»e%.®€ tto&i 
M-'icm ©If t-li#- ©ptt#, «r Mj p m^Xm 
m. plat© mt .«®«©i^ i»g %« tkm pr#©«#ap® 
MM twS.Mi.i^ * aaly jpo^%S©ms m£ tim &% m 
e0asi€#^aM# .dlstaiie# 1^^. any twteai^ mmitm ip:«€ t©T-
w&m. fey mmm&m m. |p©w#r**4i^ ^«a, t^attag 
dtslfe wM©M m aisfctw® ©f airt i»s ,Jt@d. 
lto»- t*© Atsto# 
e®air#«y aaia thm miiimw 
for' fia©^ w«i»1e* Jlli. w#» wii;la hemaA jp^tud-
li^  m .plat#, gl&sii#.. with. m^M®m of f3.i» as tli®-
al>pssiire« . .«irCa©@s a Jtiaisli.. 
'fb# S tmtimm -©f ©ipfsfeal aafl. tim m mT (R«;> ra##s 
wttM trl:il0l& -fe  ^ X #»#•» wltti t^ - ^ mmm mgl# 
tod t#i5atasfclas t&©- ©pystsl witfe. a 
M mil fmmmm- aar# a®wl©p#d* 
mimmm tim- S aim©®! iiiw»tml»l.y tla^y piP9irl4# 
ttor## eomif©ml#mt l^sa«s tm tli® pla s^* 
"IPir© m^mwrn^mlw ^T%mA»w& tm.&mm.0. t© iss#A »s 
pJLaa«@,,.. w«i?e m.. mm@U ^#f®j»©a©# 
,p|.am#s a ml%mm &bmm% E*S «• tlii..eM was emt 
hmmm ®f :®ae& e^fp-^1:^ wmA Wm ^mmmm 
f l:riit plam# e«iS'l»fc#€ of' .<»» ©f ttt# sia?jFae#s 
•of "fcM© aiie® .gr«aaa p«r^aidlS.e*i3L.ar' %o ttoe opt:!.© i^j) 
«1®.* %M.» glJis#, was Ibas# daro 
em a pl#s# o-f^ g^mm m&dL a t#.E«a#©p# at m.m miAm mmm. 
 ^a m^mX Im •^# &t fcha B fe#©B» tJb© 
©i^^tal TO« ,s»©tiat#€ -imls^rvals fa?« R t&mm. t© 
of' tte©- ^oi^ t mtti mil 
e:«efea©k tr© Wm tmwts&mtml mt tfi»- t®!#-
#eo^» 
ffto# &t IS t^- f0» tfc® t#.l#ss#ps., ®€ms-i»-tlag. Gt & 
,«m3J.,, p©i4^ slii^  «%#«1 wa# somt®^ ' ta #Jf ttos t#!®**' 
s.©©jp# leas mm tfe t^ mt m €tstoa%-
Imp mmmm  ^ t# ©yigiaat# »t tSie. @«st®ip of t#l@»©ii^  i«as« 
®yLs a3j»s# a jp#ttt% soW'iMt of lilg&li fiwr ii€®waJL 
•i^ #fmwjm^% trn&mm 
r®Jf©r«Be# m&mm^%mt@A of & sispf&e# ps r^peaa*-
41c«l«r to 6I« 3^2. «tf X, «a.8. to angle telook was first ad-
<» a p3jit« «f g3A«s ## ttoat ce# swfa-©# w&» 
tb«- terlgenlml a:^» of tMs %®liig 
by mm. @pt4©a.l. pUtm# ©f 
wa# tliem mm- tlmt tto.® ©f tit® -jpeijit mt 
f3P'a« fiffli.S fsks® f#l.a.. e® ttoe wwfcioal. Sift, 
•t«l#sf-esi»®' w&®a wmtm:mm.®m plaa# was pat in- #€ml;aet mittt 
•wmgkm- iQii€ sit %imm mm 11^% 
feto©- wrntmitmmmm plam# aad aagl®- fe4##k« «ms -ststlJim-fceA %lMt 
'tim wmfmwmmmm- wm»&-- wm%X -wttli. I.*' ©f fcto0-
sp®olf 1@€ ai^l# mt 
ta® sli#® wa® ent tn® erys l^p. ifc:iii sia# ©ppcisl.^ # 
%toj» f.t3r«t was Sa,eM sli©# mm timm 
•mmmS.m  ^ f®ip twlimtiig tef tfe® as® of f(©la.i?ts®€ a -^ all 
twii»e€ aa^eas 
Ali  ^t&« pla%## w®Bi» iisd# wlttot mppe t^ms.tmlL'$- ssm® 
Mm pJat# mm ' 
s® fctast 0rl#atmtlm ms e^wp®©# t@ 
1»: .©f sp#©:i£i:^  aBgl# tM felajsk ti® pla%s 
ims ©mt frw tie© iargsi? ^mayts ^M,» smtfrnm f&w- tim 
0^,00 mm» vmMm %m tto©- tw» ptmmmm f^ 
Sup 
•tM# aagl® li#iJts wi^  plat# ®.aa iyo^# %t©©3fe.# tito 
^SM^SM.^  Mmrblmiim  ^mttl .wm |ms« 1J1» b3.#©te 
ai^  laat# 1  ^30 *^0® ii«j?fse# wa# -wm^m p©i*p@i^ i.e l^ar fe©-
ftjfst. pjsa« as# -paml.!®! t# tl»- mrnrnrn^m. fl^  
was fey ##©a&ia  ^ « ©3  ^tt#- 4^®  ^
i^ Gtgi©® gS ®.. afta l^® |Si»:i®»ip, WBi. py @?a,®6li3ig i®i# ©luprme# wa« 
1^# mxgkm ©f r©jri©«t4« ftrem tMa; siai^ ae# was. ttoe. as 
f^ .« pi>lsap -tl^  mM mmm tltts# 
©iilar- to s-#e©®# plaa®-»- fi»a- 1: pja^ts# wmm taicm 
't® %lia" Batumi S .rae#t:0 • '©f 
Thm «.#©«sd e£ tJa«: .plat# 'irafc# ^®s2J.#3. t#' 
t# -mm ttf a a g®@a adl.@|p©-^ -
.m#fe®i? %•# %1b&  ^ tMsisa©###- 1&@ .a.a%#«m.l 
€i®^Bsl.^ s. of^  tfe« i»i»@ gp#s%€r Wmm % i^@ii' 
.fi^ l »%mm mM-tm .*ata mimtA&mm wmwm ^mmaS, 
m«» »s tto®  ^ l&fe#i«3.. mwttsmmm w«y# .gr«JW2 .^ t© fism! tmm., 
ma.j, sli^ t ©f mm m&^ mm •#» feJto »tii»fa©«» was- i?#--
®t€«® ©f- tlii .pMt# w©^# @r®BBEi4 %® 
t# fe# amtwrsl mmm of t:^  . All mmvm 
rt^ M aiigl##:, mat #^p©sJL.fe« aafe#imt sw«ae«s •'wer® im&m 
•d 
m 
t ft © 
f"4 
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t®mi#Fata3P# 0f tte.® 
4^1s^«ttfe:a mwm wmmA&A 
Thm •immM.lMtt&w e-Qast-.»*«€ ©f" m W Is 
e®eipl#s4 St® fip i^t€®ey ,©f thm 
0®»M»a©«a3.f f] 
M'yOQO .M.-l.ei©y#3.«s p®r ###«&«• ffe# #p#t.3.3Jt.t;®l' wsi» 
smftMfisf stag© iis-j.Bg m MBB 
wmm iiy t.bt j^lat© w&teb 
•fell# srf' #»»»!"• « 
Jto ttot. h m mm 
#o3i@ir®€ m 
M,m 
mtwmmm 0a tim smttmmm -of te». falftaaii.,,. %-M 
plat# ims mAm wt.^  tw© s®%» o# 
pint®# *# ttae. tasi?ts. -somM "!>#• $m m v@rfct©al 
|ws#t.tt©® -Witt ifcs wml^% mm mm #1* tt# lm%©mE 
m® ft«% ^M,3f mt -pamll*!. :a%-«afe *468 
«:«€ wfe®a fi.#M wmm mppttm  ^ S» feM# 
4i^ @etl€m tit© '^ :^e^mmmm of tb«- flu® mt 
E-*S4 iipik3?%j  ^ wa» m».»€ »to«i 'tiiye .fieM 
w&m tm a €i*^ #t:i:iitt ii#^p«a<il®iiaii^  t© tM.©lm®ss &t 
Wm plat®* e3?f»:tal pl*fe#. b©i»g Mm « s^.i» 
pmw^mSitmw^ms -^ %©•• tto& ffe® -w®!?# 
«'<*«wtast ,aai»g®i»' ta m%mm %im& th.® %«itrtoi. p]te.t@s» 
mm p2M'%m «»a tUm pSJtt^  li.#M©iP wmT® «mtata®A- ia .m 
eapaftl,#  ^»aiii%«t£»ta.g tl» 't^sipg#-
atar#- •©•oastsnA .wltWte ab t^. .06® ©• ®£ wlm# £©ip wtot-slfe !%• 
wts »©%• ffee -^ rn^mw mmm ©f' far® 
tMek-w&ll.^ . ©s«t-«l«to» @yi.ti^ Ert®.s2. ©mtsia©i*s, tmMMg '• 
p3.a«®a iB«M# tfe# two tli@s*Xly toy 
©jf ©«tt^  %m^m&a. !l?b.e imd «ai «* 
0€iBt^ ol3.1iig; a r®iay Aicfe t» ©«ater®3.3.#A 
#sira^Bl5. $M Mm #®f.Jt sai»i^ €^^ tag m® e€ia» 
Hfe®. Wits mmmmm  ^  ^mmsmm a 
wa«- me«at©€ tim- ^marfes ani 
mm mt m® ©•# m@3.fetaf t.#«» 
M.3mmr e:««%atsw wmm mM0m^^m,ZMy .Sj»«lafe@€ tfe® 
a##« ##• fyrnqmrnm  ^ t«- -itot t# 
.m  ^ emfeatew# It i^ s ml## f^ taii- -
t# twalat# •,J^©tfl«ally tfc# -emtifcim©!* 3f®ip mm 
4t tsmqmxmtmm* 
mm .is»«r «mtsSja#y wmm »€# so %tet 1%- -e&um hm mmkmim^ma: 
$.m &^m»- .'t© 3r«<»v# ###«#•• tto&* imping «ir -©i^ i i»w 
mm. fe© 'TibratiBg aarf'aes## tfe# Jt% 
wms f«w  ^ tl».fe tlw® :si» •itamptsg "tod a# mm 
mt W^m '^- a pJLmMrnm 
€#eiri».s# iia.^  Wm €a# %@ 
A:. -1^. -iK- loMib "- • ..ag^afc»'4Hai^iHMe,.Mk.^lH -rfMi Tiii .MM .SMBK. «L» m' WJiii afei ^ '^T 4Mk. Ml MM mib ^ Mir* .^SB Jv Sal* #^130Kf*^ ©® WlMMIt ®»: WS* P#l»|3M®HlO-«ljar %© 
%k» t^r #3f #l^ t^ ©#«s. M s^r wmm 
SS^Bg S-BSS# mw^wt, SIlSS-. iJ  ^ Wft#. .#®BHe 
tm mm%' af el»ffl^ ©r i«ta. 
a#t 
WmXXm^  ^ t&# fa tt® w#ar® €#-« 
€#•£##«•• "Ute ## m ©will.® 
«a i^Jft»», •!»#% i»sttJ.ts t:fei r^ti.#tii» 
iis#ii t© ltei©k t% was jput. topat t©- tl® ©# 1  ^f 
sta^® -©jr. Mits "mm sl&t^MSjag p3Lfc©«a 
-fete®- %#«©©•»%«•• ®» #«st'tl.'rS."fcy «£ thi« 
««ai# i^ li-jP£«- *aa im tli# •«€' t'to® «iyp©iit% is., 
tto.« €#t##tiag, 
-Ite# 0®aslat-#A q£ & fmeuiw %iate@ 
m & .®aA. 
toy s "terti. te# l®»si^©s fjp^. 
tM# i^ €tags«. %nfo® 
#ae& •s.m#e»«€ii^  ra»®#- b®l^  ttor## tt»®s as 
##a«ltt"r# mm < -^ p»®^Ss#* 'taprnt fe» tM m©m» t-tfb#- • 
-^ mm Wm .c»%pit mt @:r|r--
»tit3...pliife@ 'la#' €£sg3«a eT' is 
gt*®m ta W.g» .!• 
F»qm«tt©l#s wmtm toy Tim s«^## 
@r- #taa€«  ^ wsm a fr#Q|u@My »%«r cC 
typ®, . «at '©C ft sp#@iai -fcls 
wiw' la ttais'- • e®lifea?iitt», 
•a. p®iiat w»» 4«%»wi»»€. mwmw^  f Iv# M3l#ey®l««,# -aaa,. sl.a#» ttai 
©WW# •!«« slSglitly mwrnw m^mt &t- Its 
m Mm»sm wmm ©altterstim 
poim s^*- tfce .»«%«*»- m,s- limsb. tbat- fa?#im#iie-i«s 
1»® 1^- its mm t# SB# ^ si% Ss UB^QQ&m 
^©ssiiims© Fi?«<i«#»eS## 
M «tt- alt#i®attmg 'MttmwMg %m twm^mmy Jftem any 
smmma/mmm 03m^w&&  ^ &t m qm2?t« plat#.,, hm t© m# plat*,, 
th® wmmmtm w%%u iMt wmty a» 
tw© ••« at-#*' tilt pla-t#,. 
mttanmm, big^^ »^«ey •& velta -^
2AS (/* —\ .00^ .oooi/^ 





' T - ' iBoov  -  - *9OV^2oo»T ~ ^so\/. ^4200^. 
F,^. 1 
Apparatus for measuring resonance frequencies 
•of Ml# B&mmw, if Mm #«««^* ana pJLiit# 
iM t-l# .*gra£te^yi #£' 
p@l«i.mM:©e px^mmwA M. 1 -^ -jpean-tJlag wltl^  
jf«p©#  ^ tto® £1#M« ;te 
mmwss'- l^ mm.. %li# a# m 
qmrnm  ^ 'wolfyms^mp -^ mim m. 
£a tiMi fene<tmi»»y r®  ^
tia# WAM%U lBmmm($,mm- &£ m ftult# laarti^  pl^ %»3p. ^sa?# 
liw t^iP'»€s mM jP@*' tl 
itft® wl#ely ta 
:€#t«©t»ble tr^^wmey 
#ea%liHiBll3r sia l^lar, ajcil la g«@wi4. 
mm^&m &t Wm msMm. w^mm &t 
Waxmmi^ mm ' 
#-if #«*@ so 
%hm @f l.«»@ft%iji^  tte#® fa®i»gistes tm m pp#t>liMt #f wm^m  ^
if , ,  t imam 
lad 
p©#«»« &©• ft]?®'!;- wa# .i«irt.#i,. 3p«>®MaJLMW  ^ -©dt 
i-aocaaysa  ^ .p#4m *^ .A» tSi® £ir©%ii«»i0y •##eS,XJL«.'fe€iar- la "fcl!®-
etjpe t^ vma wmwimSL wSMi m mf ip.s% a. 
w>»mm&mmm &€ Wm |t&t #.tFewi.t la tto® m©i«a» 
t® tM.m m. •€»• m 
mmmm t^ wmmt.^ ml. s^ si. wmm liwi^  $M ]te€biLs&im#s« lib.# isl.iel:-
liig %y %to© i^mmmmm ••«a t»©ir«a.a# 'Mm 
-tti# .aiiitt# 
,.«®i..«itl.. m %'to» fe@--
©£ .^ ss  ^ttoe mmtwm  ^ mt 
p%M%m.p Wm pMMm wmm «#t vtt*aM:ag a®tf %©• 
tfa# .f»l.ii«i®|r .!»# ©taa®®€.» tow 'lieiit# 
 ^tat #S'f#0% 
ia 'fe# Its© &#^iDsa@y» A« m 3?m3L#,. ail tl^ 
©.ii<a» «3.y 
potmts #C |j©w» pr#i»e®€ efe»a©t«ri#tl.©: »a»teal 
mm&m&rn 
fM« a te@«a 
iia» t»®# %» t-isa ©£' 
tM®' fey a®Ma. ©r ^#- B^mp ^mwrnmrnm in. tS® wmmwsm 
wE'tme-tw 3^# l^i»g,. at 
wmm wmM. Into mmm a^ta tm #%tais. -^i®- fe@a% 
clllster ami. twm^mwm-^' a#t«f*^ tm rn^mm t#. tfe.#-
•jr^ #tii«t«i' m£ 'wmm^mmm 9Mm wm%mw  ^
•wUmm mmm t»t# tM# li^  a lo©s» 
wltlx *11# 
%toa:% .«s -©aeilia-t^  fi«^^ ii®y lumm 'wmtm  ^»Mglfet3y l^i® s^a® 
to«tfe a@fc« wmm ]^ -i^ m®& &t l^ats twm& 
&t til® Wm miaaAmam 
^#. *|© -^t%y &t tti« &£ pl«t»a ir«r@ Q€ 
^^ eli tm» 
lisd. « ©£ -.St^  t^ © 3.^ © 
^40** 
mmmA* -Wbm -^ mwrntmrnt^  wmwm 
mwmMt te t^oQsSs '-Q  ^ Ste® SisS tiB;S^BSs '&£' Stew 
sl^ liry tte- &£ trnmrnMrny" 
miy 
©f Ife® sat saee hsEis®iiS@ #f #]p#Qm«ey 
W®P®- TKS# *^ - .jSjB :SAliS 'Bi* S# PIF®SS&EFS I^ S %yp9 mt 
w^M, SsSeiMltt® ti&s i%tff%#y f1i*#<iiaai#l-## tei 
•^-' : 'ia^^aai II It!• ' 'Bi liwi w'tm MLi m 'Jm . ^IIB Mmt^  «E ••r't ..^ M- .MK • --- — ITM'— ••^ii-ium — LJIK >^1^ 
»aja-®fi lOP^^ i. .iKw iral.©® ®a,®a. K^&et, sieipieiil, 
imqwmQj oJf fea^^ »S.#» ## 
£wm. #^ stat. Sa 
Coins®, t M W e t^ateii ©f' 
»st#ip 'fe « poiai mm%m plafe®# • Ml 
Slies# .FSsSSi^ pi SsiftSaSswS fa, £^p §toi' 
§#a*»  ^ B tia© 
i»« ®f :«' l,4»» •^ # 
»#%«F »adlfflgs Jji mSmm, I* Bs  ^ t# tfe# •©*'€»2* ©jf 
.ft--'%-w 1^. iff*W'ir ^i~ rtw n ^ ..,. ., —-.^i ^nii- jn artfini i ir 'iWfc •>• • ^•- i ^ •••> "yiii iMiliiiia -•*' *••• -•^... .n^ %•.- .<^-. !!>]»& ®Ki*@ttl'©- »im.i^ . w&m- pw»?i©,3iftg- tw§' 
•f^ a^ayiaiafeml • &9©S,2.X&1i&3^m- M& 0©l,1$fflB # 4» tfeS 
@f #€a«wi»  ^mM 3m- • -1tet:« .®pBto«jp «et^ .3.. 
©f m. im^smlQ  ^ l^at##. BMmm tte® ii^ -^
y' - ^<g,:,iyfeis» :^SM -^a:. <3|i^ ^8iEB©SS-S #1  ^ plS.."®#- hSSatiOSSS# 
as ^®a:ii»t®€ im f^al.« e«li»s,, .1S». irs^ y -&3.mm 
t» mm ealttormtlcaa, « -«*Il. wm titoP 
^WT'&'g,. ,aws-1l- %# fSil^  S MS«% 
Mai rf'M II I'Sil• fi iT^ ; 'J&h' rt^i 'nria•• iiiw ^S" 'fTr^T'fc Itfry ^ina'a-Mmiinii^^ rtii itMW •» • —.-^. -Wi m^Trtfa 
" mm- xIX C otT 
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©f tte«. . mwiM  ^%f tab® 
ts mmm %# fe# a. 
me Is tim m£ 
%#• m&Mmam 
fc^»im,iea , wmwm .^ #lJtAS»t.,,^  -igii .tfe-a® 
. f^ im«s©y 3?-#f^ .«t. -rf tim 
%li»j.y p3a.#WM»t l^ iS 
IS .rtb»ti€3rm 
t^© to# a. 
•sfeFcsig i*^ sOTi»@#  ^pedals saaft, m ami##. «»« 
©f- paint# #f" til 
sfee^B  ^ #!» .#%&&»• *aiS«:-FMr«t«»®ii putufe.ms a1 
-"raiPlsMf a Jh^dr^ «t#  ^^ mm  ^
pljat#* 
mtm 
mm of mil: -feise plat®# wmmt » 
. %lt# #Q®stasl>-%w©© r^atwr# e* 
M£%mw m .iaia. tli& 
is tit# fcibswi was alis»#t 
WUe- '^ mmmoMM # i^ S@te w®-» $M 
ttt# .lair#iit£g&ti^  ^#» ta y %# III, ti^laaisiir#.# 
•fta&s® tables also tim.. mt plata m, 
aa4•»!,:»# m£ Wm' ©Bi-«r 
et the lamMilc. SMs iiaotl«»t.|^  , ts mm •Men should 
:|?e mmm ®S^«ly  ^
Wm mmm ttit'Cte@s« » '^ # 
Aa f«r ttoe- -ftMs 
p?®dtetl.«» Ulss la> lai® faet tlte% ti» inaplstloi ia ml»-  ^
.fir» ^ m»- telsbsat:® t# tte' »€st- tm sm&U 
tJ:^ » f»jr' ttiM# #3p 
m ^ toy tto© ©f' ptofe®, 
i«»3. t# " tta« *w tM.» S,» a. ^^ B-* 
#mi!a 
ili^ 
tk# •cairns #f toi mv# v«Jte©S.tt#» 
«^mM .git® m £aWl®st%i.#». 
tie ^a3ijro2^% sf #i^ stalliii» %m*il^ .*-
. Mm «l.y %h& bsrasat#®. ©f mp&m  ^ • 
m-clt# .^ tey tM ®apl©y#€. 
1  ^ M.. 
#£ #jf m#. 
tmm ••ei?y»t«lS' 1 «»t. :2.^  s3p#' ta -tafeE#* f Vl'^ , 
^#»l^©ti-r#3..f • Xt ««» «.##» •ti»:t tl» ml,««# ## ^  .f^ Wm 
<|m«ttftt#«  ^ mmg mmwm • ttaaa A« 
'^ $ -m^W" tow»i^ ale®» A e3,#ax«p #f fet-
t4#a« ^ ifttte %® m mm %m- f^« Fts* 
1%; i# t]tet s. ©f w 
sf' •f^ i»i.iaip<i«;'fcjj. 1 Sxs^ isttb'y lis Ssf^ SBS%s pSsSs t-te 
%tei@te#«s fe« «sb»#»,p ®ip€©ir 
ttoi mt &m wmiimm mt ^  twm, %&t 
»sa. m>tum S.«.S»s mm  ^ Ito 10*0<»* It. «i.t %« 
^wte««€ ^»t als@ iiKslti€«s 
eww. A ea.®«rt«m of tbm ^Imm of fc«fewiTO tba 
gmmm I ast. .S @sa ^ ^ #ata«« tmm tafel# %XIZ* 
Tim- ii«me®S©« -oC' tlse »ai® 
im M^ . €i3?©«sfeiaa. i» fey 
tito IS. 1  ^m&iM toy ^2 ft#M. 
•%#• the teS:©k#% .©f til© :SMi# • ©cimttim* •IWtf 
©f f^e# t-w® ©f -rlbratioii mm 
•tetiSw 
•fafelL# V« wJ»®s mt^ /n 
C^m tiie Oo,oo plat© from oi^ tal I* fi^ «ia©i«i 
mm' m, .P»T a#e©^» • 
'ifiijiSiil©''"''^ Sia 'is'"3E| t* •SM i^srtiE^e "ia'"'^ 2 
i . 
». • *  J. • . .a»/» t m 1 i-. t 
tt 638 ess 1 • 377 577 
If 649 mm • 1 1,11S 371.8 
a M 1,854 570.8 
•S 3,B1S •f . 2,501 570.1 
4,504 «1.4 9 S,324 560 .5 
t a, 790 «4S.# 11 4,062 560^5 
11 7,071 IS 4,797 569.0 
m 8,556 •s4m«s 15 5,554 569.O 
16 0^644 17 6,271 566.9 
17 1Q,927 mmrnB 10 7,010 568.9 
19 12^215 mmrnW 21 7,747 568^0 
21 lS,4tS 0m^m m a,4S4 568.9 
2  ^ 14,^ 1 m 9,aai 56S.8 
25 16,070 27 • 9,959 368.85 
27 vr^zm 642^70 29 10,6ti •mm 
'm^ nm • 18,6gt mmrnm SI 11,451 m9.*m 
m 19,985 3S 1S,1T1 me-Mm 
Si 21,207 lt,999 OOOa^QO 
m 642.66 S7 15,646 :S6a,.81 
m- 23,778 mM*m B9 14,384 




m S8,918 mm»m 
47 50,203 
m 31,^  ^
BX a8^77S • §mmm 
m m,m9 • mM»m 
m^4 
^hXm Wlm lsa»0al© mints Gt  T /m 
plmt0 £^m S. &m 
• glTOa ia tei3,«eyi5l©» 1^  «#©©ai» 
'SSS'SS# SsM'is'x f;""- ta' #2 
• I . aig0®fei©a 
n t r 1 y/a t u t  r . * '^M:... . 
%t 630 m 1,119 573.0 
1? 647 #4f # 1,854 370*8 
3 l»tE# f e^sm 
- B S»21S 9 S,.02S 369 •B 
1 4,4^  m%*4: 11 4,060 509*1 
9 6,781 mM^B 13 4,796 S@8.0 
11 7,068 €4S»i XB 5,ssa 368*8 
IS 8,3S1 ®4S.*4 17 B,&m sm^B 
IS 19 7,007 S68.a 
17 10,#Sg 64B.47 gl 7,745 368. 7 
19 12, 8,480 368*7 
SI w,mx S6 0,S17 36S .^7 
23 14,774 27 0,9m 368.7 
2B 16,063 29 10,601 368.66 
2? 17,346 0m*m 31 11,428 568»6S 
» 18,S^ 1 mB-»m 1S,466 36S»67 
li,01S m 1S,90S 36a<.®6 
m 27 m,§m 368^ 60 
•w 11^ 
ss 39 14,5W 368.©4 
gS,T  ^ 642.40 m M,iia S68»66 
26,0S» ^m.^m m lS,a6E 36a^6S 
m. §m^m m 16,^ 7 368.60 
m 27,66® mm^m 47 lT,St« 368.64 
46 SS,»<IS ^mrnm m m^om 368*67 
47 30*1^  m iBgrno 368,63 
m- Sl.,47g m m..Bm 366.60 
m St,7S0 ««*» m m,274 368.® 
m m £i,m2 
m-. SB^SSa 59 z i^fm 368»61 
61 368.61 
m m,.Bm 36S.» 
m m,9m 368.60 
©7 24,  368*61 
69 M3,m4k 368,61 
71 as,i72 ^m*m 
75 m^mm 368.60 
m 2f^Mm 3^»64 
77 2&,.m3 368.61 
644 
0 0 
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•v^l Pig. 2 
. Illustration of the wayivier in which _£ varies Sec, h 
with respect to the order of the harmonic, n 
The figure w^as plotteA from the data in table V 
for the first mode of vibration of the cy^O^piate 













M' ^M. .gl&»« 
'tte*. ';WBSSW#d, lteS i^WBS-t*S 9t tm 3^  ^
«3P# iia IXE. tafel® ¥IXI« 
ml««s f» •«3»1 1^#- s^laptt«iii# wtlfe. a 
,f«w m# »# #r i o# 
1«^#- .©f &y ti»- aufcft^i^tlii^, 
flaM fa mg air#©tt«  ^ t%m -^ ^mm ©if 
ift* mAmM «f «»S.-fe»il 
wsaFW dteSstSuB  ^ i-i.y j; i^t% SBS i^ |itji0iifi ii®®e-s 'y»# SSE** 
«# «iay m tm- #f Itm liaMtttti.## ^®mM hm mm '^ 
-mBS. »t irt.ifc ^mM- mmmmimmy* 
& ^ |a°gl;ef M. SS. S£jdi£ 
;f^  £mt mil 
Wkh^m tli» S.» t# to %l^ ' ^ea»«s- , 
glir«* 
Ail tte®®' »®a®» ©f iri.li»ti.«m t^ - ptmt#* wmm. 
mm%%^ ©a.#etide fl#M ia ## %hm 
•®r 'SI### tfe®# »#€»® ir'»# 'Wt'life «ppp«tMft'i@a j^ 
»3»» »te#ag*fe te tito Mm i% mp to* 
•|i©#»:ibl« t# •€.ts%.ta^ ffil.«to: tto liii,s«^ QjL-#iS' '©f a v^«ia ai^ e «iE»»|3ft 
fix..*  ^  ^ msaA tli® valias® of 
J/n for tm 300^00 p3At® f:ec« ei^ tsl 1* 
f3»#q»«»|.#» glv@a iM kXhmjmlmm 
s^ Ei#¥frie rs.@ia Is X| 
, . . ... .^   ^ f aiy#©ttoa 
» f ..  ^ ;i i:.. t n t . .^. f , Wa 
1 448 44B 1 €34 
s 1,3S4 441.4' S 8,047 «t'»4 
5 4443 S 
7 3,,1S1 44S»S 7 4,7as 680.4 
9 4,0M 44#.l 9 0,im 
11 4,86S 441,4 11 7,4S1 680,1 
m S,76S 44S,7 m 8,84® 6S0»1 
m 6,€#3. 444.0 m iQ^mi «^ »1 
17 7,S5S 17 11,S«0 680*1 
19 444,3 19 12,mi . 
m 9,311 444,S m 14,^1 
m,^ 444*43 23 10,6110 679,96 
2B 11,111 444^ 44 2S 17,0(X> 680,00 
27 12^000 444*44 27 1S,®S7 679 
29 ig^ast 444*4§ m 19,71» 679,97 
51 444* 31 21,078 679.94 
no 3M m m m 2S,4I^  €79,94 
37 10,442 444..»8 m 23,798 679^ 94 
S9 I7,ass 444»44 m m^xm 679,95 
41 444.«,44 m 2S,S1® 679,87 
49 19,111 444*44 
45 20,000 444*44 a 1,481 4t3*a 
47 g0#sat 444*4S 0 4,4^  4S9,S 
4® 21,779 444^ 47 11 g,a78 488,9 
SI as,est 444»4# IS 7,340 4^ »m 
- m •23,SS8 444«4t m 11, *^1-
m g4,44S 444*48 m lg,2@4 
67 444^47 
59 26,^  444.49 
61 E7,m 444.,47 
m 20,C»S 444»4t 
m 28,8St 444»46 
67 ©9,780 444^ '^  
69 SO,©70 444,49 
71 444*49 
75 aS,447 444.« 
75 5S,aM 444^  ^
77 S4,BB2 444»44 
79 3S,11I^  444.47 
¥111 • ^ » «»«t tls® mlm®® 
6 /^n tev- pXa*» ©rfiitml 2» 
it» gtir« t» p«r »#©««#» 
li«eferie *2''" ' ' * ' ii#©t;rie f^ £«iia- In 3fe| 
a «. r . 1 
-.. 
' t • » . f. F f ' . . . . : ,  
1 mB 4i^ 1. 679 679 
s 1^ 314 4m^o 3 g,©34 678.S 
® e^ ai4 442 »9 # 3,380 676.1 
3,100 44E»9 t 4,731 67S.t 
i S^988 443,1 # 6,083 673.8 
U. 4,877 445.4 11 7,4^  673.7 
13 0,730 440.S 13 8,783 675.6 
IS 6,®1© 441.0 IS 10,133 ©75.67 
17 7,499 441.2 17 11,48S 073.59 
10 8^ 384 441,® 19 lg,8S7 676.63 
81 9,£66 441»S 21 M,im 673*67 
lO l^Sl 441*Sa 23 i$*&m 673.37 
m 11^ 0S4 441.S# gg m^Bm 673*^  
27 11,917 441.57 27 ia,2^  073.S3 
t9 • lS^ 7t8 441.31 i9,§m 673.3» 
31 1S*€83 44X»m 51 m,m4 673.61 
m X4,m9 441*18 m,m4 mB*m ' 
us m^4m 441,S1 33 S3t643 073.37 
@7 m,3m 441.SS 37 24,tS7 675.39 
39 17,014 441»S8 39 E6,347 673.36 
41 1S,0»7 441*m 41 27,6t9 673.39 
4^  m,980 44i»m 43 29,om 375.30 
45 19,Bm 44X^m 45 m»4m 673,60 
47 441.38 
40 2%,m  ^ 441.33 3 1,470 49® 
61 m^m*r 441.31 t 4,377 
an 441*aE 
g® B4,m% 441^ 3® 
Sf m,%B  ^ 441.3S 
m t6,0St 441.54 
61 26,920 441.31 
as 27,804 441.33 
65 28,687 441^ 34 
67 Z9p3m 441*33 
69 m,4m 441.30 
71 Sl.,®«4 mi^ m 
7S S2,ai0 441.36 
7S S5^ 0©9 44i.m 
77 441»« 
79 34,866 441.34 . 
81 S©,74S 441.33 
-sx-
tK». Si© P , aad tlm wBXnmm ot 
/^n tJto @®^4©o plat® £r« I# Fr#-^  
&» glw&a in p#** s«^©aa* 




• » .t P t . W Il^- -0 >, _ . i 
%. 747 747 
1 8,248 749.3 « 2,445 439*0 
s 3,746 74a*l t 3,429 489.9 
©,2-^  749,1 t 4,4m 489^ 3 
•» ©,742 749.1 11 B,3S4 489.,S 
11 S^ 2S0 749.0 IS 6,36e 489*4 
IS 7,340 489.3 
» 12^ 7^  749.00 17 8,320 489.4 
3.9 9 ,.297 489.3 
ti 1S^ 7E0 749.00 - 21 10,276 4S9.SS 
• 17,226 74S»9e m 489*3S WB le^ TEs 74©#00 m 12,1^ 2 4S9.Be 
m 20,S21 748.93 m 13,21S 489.31 
m 21,ft© 748.97 29 14,190 489.31 
31 g3,sia 7 m ^9^7 31 IS,167 489.26 
24^ 715 33 ie,M3 4S9.24 
m 26^ 2314 74S.97 30 17,.1E4 . 489.26 
m 27,711 74S»8§ 37 18,102 489.26 
39 gt,aio 749.03 3» • 10,^ 2 489.^ 7 
41 50,707 740.95 41 20,0S9 4S9»24 32, 748.91 m 21,01^  439*28 
m 33,701 748.91 m S2,01S 439*22 
47 ,^198 748.89 m 22,994 4S9.23 
61 24,9m 489.27 
m 25,931 4S9.»a«. 
» 20,910 489.27 
m 27,687 mw-»m 
59 28,807 4».27 
m 20,043 WQM 
§^3 m,Bm «9*t® 
m 31,799 489.22 
m 32,782 489.27 
m 33,767 48t*£3 
m • 34,736 -^ *23 
73 36,714 489*.M 
IX* (Cont*d) 
», .t . I:. . ;»•/& 
1 4X0 410 
s 1^ S41 413,8 
7 2,S7S 411.1 
9 5,697 410.8 
XI 41X.1 
xs a,341 410*9 
xs 6,im 410»9 
X7 6,988 410*9 
19 7,80i 410»8 
ax 8,6^  410 *8 
m 410,8 
m X0,269 410•76 
m 1X,092 4io.ai 
m 11,9X2 410,76 
51 12,fm 410«74 
m 13,554 410*73 
5S M,57t 410.73 
37 15,197 410.72 
39 16,020 410.77 
4X 16,»9 410.71 
17,6^ g 410,74 
#S 18,482 410.71 
W 19,308 410.68 
#3 20,124 410.69 
SX E0,945 410.69 
63 21,760 410.74 
m 22,§89 410.71 
57 S3,410 410.70 
59 24,^ 2 410.71 
6X SS,06B 410.09 
65 25,876 410.71 
66 26,694 410.68 
67 B7,S1S 410,67 
69 28,3SS 410.67 
71 29,1S9 410.69 
m 29,97S 410.66 
79 3g,443 410.67 
81 410.67 
83 34,087 410.69 
34,909 410.69 
87 35,730 410.69 
03&»Ol( :^WeOtO?OeOlOWHHH*HHH 
CnO?tOO®<30>(^C^HOGS-<!Ot iMOH®©®OlCi3rO 
ggggt to iwcncp^cnpi t t^^^ f^^spojcnpicn i iw 
* t « 
OOOOOOOHOOOOOOOHHI- '^ '^  
» « * • • » • « * * • « * • « # •  
®ggg©gggmg®0®gggg«5«000w0 
*i @ 1 Oi O  Gi 01 O? 01 ei O! J?!'03 W  OJ ®  ?0 |0 to W  H  H H H H 
CSWOJOJOSIOtOrOtOWWWtO^OIOKSH'HHHH'HHHS- 'H 
#^CStOHO«3O3a3-aOiOi# i><:»WH'O«>CS-3OiO?(^W8OHO«OCS-s[0>ei#.^>»^ 
«  '%'411 "« '4 i> ' '  V^n "l i -  Ot ^ I k '  < to '«• '%"%'w'  t t ' '  I * .  
CDtDC»?0©<D<OOOOOOOHHHHH?OtO (ooior f>»cn-< i«)Hro i {vmQ&®HWO»o>g)OH 
OOHH-aWtOO-aOTOSOtS^IOOOsSH-a 
M to to 
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m 404 404 B • 1,241 414»3 
n 8,0€S 413 »6 
f n,Bm 41g»3 
t S,71g 412.4 
11 4,S57 412.4 
IS 5.»S9 412,.0 
m S,l^  412*2 
17 7,a7£ 412*2 
19 7,S50 4ia«i 
21 S,^ #SS 412,14 
B3 9,479 41E»13 
m 10,305 412.12 
27 11,128 412* IS 
m 11,963 412^ 17 
31 12,776 412,13 
55 13,501 412*IS 
@5 14,4S3 412#0t 
37 15^ 248 412»11 
S# 16,073 412^ 13 
41 16,898 412»16 
4a , 17,721 41t»12 
m • 18,S44 412*09 
47 19^ 368 412,0t 
49 go,194 412 .»12 
SI Sl,017 412.10 
m Sl,841 412.00 
56 20,604 412^ 07 
57 23,490 412*11 
69 24,31§ 412«<^  
61 g©,138 4%2^m 
63 ES,961 412.08 
65 'm^im 412.^  
67 27,610 412.09 
69 28,440 412.17 
71 29,seo 412.11 
73 30,088 418.16 
75 30,913 412.17 
77 31,730 412.08 
79 3g,S§3 412.06 
81 33,377 412.0# 
83 34,204 412.09 
85 35,028 412.09 
Stm*. «i% %w# 
2 
^bsfc^ as^ -t^  -feSWI K *S|| WWt^ - SSSSlS-SS^^ ' SPSSl* %© 
3  ^ f« ^13 :»• «€# #f 
•9%Am & t^ . .^ ««ait».« 
' M. ri@M i# 
0 ,^,4S® plat»s.t :l» rn^mictSjm »#• »£ al» aM 
m^m ot w±hm.ts.w^0 K@ dlfjr^ s^ Be® iM tl» of t&fe 
•&aii»B£e» ,ft#tA Im %M- Air#©» 
tt»t ia !&# di3p®ett» mi -^ m mt jpiat^  
0®mM %« -•3£«®pt wltM %lto ^3Pm<mi©ii ©jt Mmmm  ^
mw^ r^n l^ m $m W^m. mm.. i:Mlea%l#» tfc# w#  ^^ wl.##lf 
*3pii.©«€ mm Im t^. mlii» ^ 
S# • 'toy ts^ if tessB^eSss •M.^ teF' -sssss*.' 
•®b» •l^ meiBSss •## %lb® M- stoiHwn 
**»e^5i62S^wSwSi^ Ww- -mSSSSS* -^ EeSeSSwSSiSim' 
— •_ •*• - -•• ifiK ..alta.jttic "SE* ^Ep '^9^-IMg^. 'M> iiM 'fftl ill |1 •^' — '3th^in rtt S^©3fc€ '^ 3fe-JE- S0^& XU.#. ^©Ilt.fll9 '^-
"mlnm .t5» !&§• ti» m3mm% in?*-
n 
wx^ lably It# wiiM» ^ tiw 
'Ifc# ®f mmm «elt^ wttfc f'tsM is 
Ijta® ^@r %&®. plat® t^ : 
rt^ * t#!* ©# 2.% %y 
t# tfe® tte tw© wm^m fey %li» 
s#®.oi^  .•s^ p»tt©» ws ©bts-iasA 
:^ , m^ m mt li flaili# m 
^/n tor tb@ H plate fa?<m !•• Witmimmmtmrn 
mm tis. p®  ^
' n#3U '^ ia f 
Qr tM^^^ammm . . t . 
m f r t  . .^ : . . .  » • t . f ^ / m  
1 mw S@9 tf 4S1 491 
s X»&B1 5go.-a # 1,S44 448.1 
5 2,rm mi^ 5 # 446.5 
7 s^ms Bm*4 7 S,1SS 44S«4 
0 4,m9 S49»S 9 4,014 446.0 
11 6,042 04@»s 11 4,9<^  445.8 
IB 7,143 S4t»4 m 5,794 44S.7 
IS S40.S IB 0,0&S 445.6 
17 0,345 549»7 17 7,57S 44§^6 
10^ 4^ 2 §49.1 19 a,46# 445.6 • 
#i, ii,Bm ©40»d SI 9^ 367 445.6 
m 1S,6S9 54t»S 25 10,247 44§»54 
m 15,740 B49^m 2® 11,1»9 44S«56 
m 14,840 S40*65 a7 12,OSO 445.S€ 
m- l3,B3f Mt^ SS 20 iB,9m 445.52 
m 17,058 640.61 31 13,811 44B^BB 
18^ 1^ 6 §49..68 m 14,701 44B»B1 
m 19,^0 m9*m m is,5m . 445.46 • 
Bf m»m2 mMX 37 IS^ '^ 4 445..51 
SB tl,^ 7 S4t.e7 m 17,373 445.4# 
41 ,^811 549.54 41 18,2SS 445.44 
m 23,mB 549»sa 43 19,im 445»47 
#S" 24,788 S49.S1 4a m^om 445.47 
47 25,829 S40*®S 47 20,958 44S#49 
49 2e,9B7 549.6S 4# 21,8m 445m41 
m 0S,OS§ 640,m m m,7i9 445»47 
m £9,137 549.67 am 2B,m0 445*45 
m 30,2M Mt.S3 24 ^ mi 445^ 47 
m 31^ 5SS S40.S1 
. m 3B,42B S4t»54 
EIX* ®i»; hamoaie ^ , aiad fe# 
tls@ 1 plat® .®* P^mq,ummtmm 
mm 0,wm& tm pmr mmmma.m 
ri#M In ai •f • • 1 
0f I 
m f . ..^ . ^.t. . #'/& t n * .... i.^' 
I mx 561 X 467 467 
» 1,7X5 B71.S •m 1,397 465.7 
.M 2^ m9 se7»a 2,SOI 4m»2 
•f ®,94f 563. 8 7 $,mx 460.07 
» s,o»® . m&»2 t 4,141 461.11 
11 6,gSt 566.6 11 6,OSS m9^ m 
13 7,568 566.8 m 5,980 460.00 
15 a,so4 566*9 
17 9,639 567.0 J 
19 10,770 566.8 
21 11,905 S6«*9 
23 1S,0^  566.96 
2§ 14,174 S66,t€ 
27 15,508 S66.96 
29 lg,442 S66.97 
31 17,577 667.00 
3S 18,714 567.09 
55 19,848 667.09 
57 m,9m 567»M 
59 2£,1M 567.OS 
41 a3,g^  567.07 
4S 24,3^  567*09 
46 2e,sao 567.11 
47 £6,6S2 S67.04 
40 27,786 567.06 
SI gS,©El 567.08 
S5 • SO,0S6 667.09 
m m,iti 567»11 
S7 $2.,S14 667,09 
S3,4S7 567.07 
61 667.07 
63 3S,7g# 567.08 
ri«M w»  ^ m3£tt&%^% iat«asl*f te« 1  ^
f@r tMa m«, ii#t mmfmm #£' ttti pl»fe# ©«• 
tais^  .ft flaw#. ©i*lgiimMsig .f»«« tte-
'tm% mtrnmt tMm flmt m ttf-
s#@-oj^  m^&* ^Bmtm»mmm  ^ tm y^® m l^vm  ^<l ,» taM.® Xttl^  als@ 
&Je&m® WmU ©f Wm -mmpm*^  ^im%» ©f #i^ t^itl M 
wmm not chaa^A. *j^ #iitsia|r» 
,fe ^ l^ »lf,»: M ^  ,igig? 
Mm&Mmg %» ®^p»tt« W, it i^ 0tiM %# .p»@iw® t© 
a^wi. «» liy mm-
^iftM im *2 Wm %$' m fS.#M i» ^  x, 
mm&mm ®«Kdiit ft# f^taJjas# m -^
wfe»t€ t8tiMBt.fe«>i i.'SF £•<«# f^c&B siatf# wiyS- ssi^ lf iftpffa- A 
I'M' -^ WSSSE »*«a^«a>«afe ^Belalai wbfs iM 'feti^ - l^ FesBsreiEir 
fe#iw iO,CKH3 M.^ «Ni^ lto»- feat tl» :ftp» -^®M0St«» 
mt ^b&s# fw »««iia«i« a# r«3aM£m»M# 
t^ i»,. Si. .«ty ft® t^et «» i^ tt^ tt-Mi iwttft a«t 
sf^ Kagty %o mw it mm  ^te® fe t^ pMt0 s^A 
m.: %mmMM:mm i';aa,iF wmm St- f3r« vtfei»-^ ii^ -» mtrn&m' 
©aiy «» plat# ©f tMs @pi«tit%t» i»;» .waft#,- m& m tfes 
,wmm #lfe*ifcta .^» 
"W  ^''twarts ptet®* -mm  ^ -im •%»« -wmmm 
t®»g*i|.air ^^ aa.l#3L®pli^ d«« smrrae®« «# 
t# .«»©& 'tt w©»M te#-
ia «#aptiiia «sj^ ©ti«w ,^ 
!• aet tip tmrnm  ^
It .*«# *TO»A ®«irt-ata a©A«# w«e^-
.^ £©£t«a.0, -^ i tti# £wm%m^Oi^ mm &£ mmmm%, ^  
StMfttsg- 'mw#- tl®- Irn^mmt Mmmm t® 
*2 isaj.»-  ^m ^wirfes Mmftrnm ^  ^»tA©a, IS., 
«;t»« %&#»# «^P»©#» ®fJP«eti^ S.j m 3Q ,^Q  ^
I# M#M Is appMsa. i.m K| 
gfi#: w»yi3,4 sswsS SttS-  ^%*•© #f* SIB ## w$ltiP*SSi!i®t» SsfSJWS 
hw %M-f. t® fe# ^am «jr 
m» foiasd to b© esccitest t0 %# 
S # t^sliaa mSm# safest 
%&& iiwwi©»JI# #•» 1&S» l«lt#:m:.E rn^rn -©f -^ ai-
pt«t« E# S»#a«»# the »aia #£ i3t' 
Wm 1^ tito fi»%' -rf -M,. t« mo^ 
ai»® m©lt#4 %y #a fl#M t^ - :3»t#iml 
tfe»s# •^ i»<ml<s8 mm :^ t®»sE to 
tm»m twmm  ^ potmts i^wmp«<i» 
&- ',Ssfc#mI ^ Sm m€' te«tir#«i. 1?1» Sj tmmm 
0? 
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Q r The variation of "if with respect to Ji foi- a 
• "135 lateral wo^e of vibration betw^^Ti thtf xij faces 
of the 0®,0® plate from crystal 1 
10 20 30 ho 50 60 70 80 
n 
•®sft 'M #xeit®# hy m fi©M i® Wm 
i» fete« gmm%mt &t 1S» Swe-
mm»%m m£' %M,# %# 
:»€# #t -0 *^0® piat#p *#« ,»®.sw®€ .# -^ tte 'aai. 
1. @3?y«:tei 1 wmm t# ^®jry sSiit* 
|«r« a pl@t ^  -jp m m ^ a 
tM.s  ^Wm 30 ,^0® plat#* 
S €#. wiii©fe w«  ^ pl©t%»€. £-m  ^
fcs yS^UPt ft, gtJiplifciMi- £id  ^ aais 
modm  ^ ©l#ariy m^m titet |»»gMmt« 
yqp- gHpS&®#B. SOPS' "fe^# .fcillF* 
««ii:® siirrse©s» feta w#mM 
4ite- %fct# mmmm mw t^mmm- t» a 
1»» te » SjiflBdt# plat#* XIII " 
gi^ pwt-. :'r«l«®« ^  €m .i«.t«ml »©##« -1  ^ wthw'&Mmk.^  
-tta®'  ^^  tm- la 
witiii ttt# mmemm^ s^> miAmm. 
UmmsAm -mm^^mm.* -tuAa t^rnf• <i*-^  tm 
:«€ »!». »e€#s 1* t© 
tt# m^xm «C tto« 3*fe®»S tia4 »©t y&t 
iyip^pfe@tt© wli» 
S<®®ESltoge 
4M0«# J^teg %m ^mm^0 »i»» 
M®» It# ®I#s# t# 
tis .wt|®r mmm&m. ^«r « pitet# I^ «i» 








* • • . . 
n 
.75 * 
*•*» #••• ^ 








Fig .  Jt  
The variation of with respect to n for a 
lateral mode of vibration between "t-he Xj faces 
of the 30®,0* plate fi»oin c»*ystaJ 1 
.74 
•60 80 100 220 2^0 160 180 200 220 2JI|0 260 
WSfeiEa.M.S»  ^
§M  ^f %# mmm 
''^ mm m #««r 
iii'ii 'art Mitii i 111 •! • ^.- ••-»-• jtjB-M M 'Hiini Ifli JA.Jilm: miiii iJffr' -'«il)anjK''%k'4UiW»l»'a&biJE-' ilM dPt .itKi •'iirrh'"*"• •^'- .ili^ riHi'iilt" im» •!-ai ~m lilBI 
wferfL wJK UnS i^^ iP 
m #3^pt«t# ^©tar®  ^ p#'3rt»%fe  ^
mm e^a@t %• m^SamA- ttoi ini^  
mmmmmm j^stM. * ||M%. %» SSSSWi®  ^ »>i»:»feafe»aaai-fc< :tmk 
i,« #aL#ai^* Bt Fig»«- % mill®® ©f pl©t%## •». m 
•£^B©SS€®1 ya-fe j^aM '^l 
^ ^yli#i%" ti'^ssMtosSss wiPi ? y awB* 
jftMnfa ;^.,!^ . lyt fe  ^ ,jfi,@ffiWi|,, StoB «^># i^laii IlliS :*tatiity^ :f,-jii^ ;'fai^  :i^ SS«IMl 
tm- m^mm Ito# %»«i iHsplae  ^al.©mg ©s^ tti^ t# «# 
f-W ffcrnJi.  ^ #..««»#l«^m y^sPrWP'  ^ JA# 
•ftflfe.a^. •-—'ifct Sft •'— •-"• «-Tiiiiii mHi -^ib! •^- iMiT-'Hiiiii —"- .iS»ili». iKt rlM -—- ^ ^ 4itmu^^jMt---t^tti-iJt^ 1^ . itaMlAuk.-JK' idik.-1^Mi -mStjH 4Cli^aCk.au4IMk A- "—• WWTl3.iMti. HI^ R# JBifltStIi® SM 
,j|^ pi^ tti®Biiy fey %•. i^ uitJJL iiw9i®#» 
Oalemlatlm  ^ E3«&#fei« 
, 2  
.fe. ^^mw t© n *# .t»%# m'^ '* 
M s^ IS, i#P Iftp ®»i. 3it ttae mMMrniMmmi. ef- tfa# «XastI® 
wBX-mm @f  ^  ^IsHs' «r' 
«€«», mmm. mhmmrnsk «.Ul mmrnm  ^
.JCIIX S SlSSttP'y ^  WfcW y 


























An illvstration of th« mutually pevtui^biwg 
effect of resonance points whose frequencies 
nave approximately the same value 
These values for-^ are fram two main wMes 
and one lateral mode of vibration of the 
30**>0* plate from crystal 1. 
4  ^I 
5,000 10,000 
I •  I  
15,0O0 
I  ll g l  •  •« I. I  
20,000 
• • * • § -
faljlt XIII» ©f iaeimilag a ®f l&e ##»staaits mi. 
'  1 J  .  ^  l  .a ,  ,2/g i ]2  
viljm* i dixte- sabl# #!/>? ,sPl&t« llil§Ji*t in 'p - " 

















































































































































































Col-uim I tsfei® XIII. giw«a- m® awifewr of 
ilimrfeg tmmm wWL;©  ^ Wm plst#- *»# • ©©lia«. 
S gi^ ®« plat#*. €©l»a # giw« €t.--
•i*#ii-#l.®& %# wMete, •fete- s'fei®i:tiJ.g wmw®M 
0©pm, -mf -mmmmm i^.» 4l3P«.rti« -to mXm tito-
%,&'sm t&B&s' cxf "fc^ ^by®- steS©  ^ $M sXJ, e®*## -^ sessS- •f<  ^ 'Stis 
aoa#® ##• 0©a.«Mft #. gi*r#« tte©' %1* ••#l®e«»' 
ti»le ts ^^ 'S,:!# %toe aod® rf 0#liam © 
If T-ff'-i-*iMi rail '*11 'ifef'lfrrk •Iittiv 'Iit-T rrt-i ^ -tr-w;-i»<«8 -a^ fr Mi'^ MMk.tfMi ^HaMKk '.J@KdUMItK aii iril»i*T flW Tlliiiiii-* Itril 'j66' iiifrff''fe> iiWi^ MImWi i»I>i iirt «M '«iM'&h..^ ilRk. 
 ^ m- '@®338M3S- w. . ^0&6toiW-S8l •&£ 
iaa&» «aa oela® 7, J--I! , l.». preSiMk ef eoXosM 6 and S, 
tM.# Iwtog. -Wm w«  ^
,mm&m %t mmm ^».altol.# t© 4#t®»ia« yf- %m m. ^m^mm 
SSSWSkey ijpBS pSSSStelS. •!» 'WS <gtf* fs^ . 
»»» -t&i®. •itpi..t-teg  ^ l» 
o 
mm® v®4®©t-t,y, ta /t _,, 
8» t# til# mmM'mm&. tML^^mmm mi- mm ,paAt#-» K®st 
mt tfe.® irnXumm eC wx^mm  ^ ;w^« 
^#^»ibals. 1 miM. M »# ••^  «a»i: 
$M »3E j^rS»@atel.  ^mm 
flte #®e3LusJL«». is tit@ siry»#sj« w«  ^
to«wg®i^ sa».# .©teatA# ife# #«»- m.-* • 
f®r3j«®®taa, mm wmwm tme piat®® do 
•i^ % 'ftte^els ^uifc® an mwUmmMiAmk |ila-^ t# 
.©»m y^stai I. i»s ^«lt® «» ms-^ pa-fe t^y .€»•• 
Mm &mmm'0 mtm^m %&#•• .-fipc® tlto-
• to »»#s «© mm^Xy m&m», & 
Mm 'tte#  ^mmmm mt m -fysm 
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